Growth, structure, and stability of ceria films on Si(111) and the application of CaF2 buffer layers.
The growth of ceria (CeO2) films by oxidation of evaporated Ce metal on Si(111) and on CaF2(111) epilayers on Si(111) is compared. By use of XPS, UPS, and LEED, it has been demonstrated that the application of a CaF2 buffer layer between the ceria and Si substrate prevents the formation of an amorphous oxidized Si layer at the interface and permits the growth of a well-defined epitaxial ceria layer of (111) surface orientation. The thermal stability of the CeO2/CaF2/Si(111) interface structure is limited by the solid-state reaction between CaF2 and ceria. This leads to gradual migration of fluorine into the oxide at elevated temperatures to give a solid-state solution of fluorine in the partially reduced oxide. An analysis of the composition observed after extensive annealing in a vacuum suggests that, with initial layers of CaF2 and CeO2 of similar thickness, the ultimate product may be CeOF. The onset of this solid-state reaction can, however, be significantly delayed by annealing under an oxygen atmosphere.